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THE HESSIAN FLY IN OHIO 
BY c. E. THOh:Nh .. 
HISTOl<ICAL. 
The recent attack of Hessian fly exceeded in de:-;tructivene"1s 
in Ohio any previous attack of this insect of which we have a dctl-
nite record. In the history of the Hessian fly, given in the rJ'hird 
Report of the U. S. Entomological Commission, it is stated that it 
was very destructive in Ohio in 1849; that it was reported in 1866, 
and was destructive and widespread in Ohio with other stateq in 
1872 and 1873, 1879 and 1881 to 1883. Of the~e reported outbreak:,, 
except the last, we find but little corroborative evidence in the 
reports of the State Board of Agriculture, and a study of the stat-
istics of wheat production in connection with the-;e reports :,bows 
that there was no general outbreak over the stai.e. The deo,truc-
tion of the wheat crop in Ohio in 1866 was i.he most complete ever 
recorded untill900, the average yield for the state falling below 5 
bushels per acre and many counties failing to produce enough for 
seed; but the county reports for that year ascribe this destruction 
almost wholly to winter killing. A few correspondents mention 
the midge as aiding in the work, but only once is the fly spoken of, 
(1) 
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and then as doing but little dam·ag-e. The crop of 1872 was below 
the averag·e in the middle and southern sections of the state, but 
the cause is generally ascribed to a dry fall and spring and severe 
winter. The Hessian fly is mentioned a'> one cause of the shortage 
in Noble and Shelby counties only. The average yield for the state 
at large in 1873 was 12. 6 bushels, as against 13.4 bushel'> for the 
10 years, 1870-79, and. there is no evidence of any important attack 
by the fly. The average yield for 1879 was 17.8 bushels, or nearly 
4 Yz bushels above the ten-year average, and that of 1880 was 17. 2 
bushels. In 1881 the yield fell to 13.8 bushels, and in 1882 it was 
15.6 bushels. This year 10 of the northwestern counttes reported 
injury from the fly, and the yield of these countiep, is found to be 
from 1 to 3 bushels below their ten-year average. In 1883 the yield 
for the state fell to 10.7 bn'>hel'> per acre, but the cause is gener-
ally ascribed to late sowing and winter killing. In only 10 counties, 
chiefly in the southwe'>tern part of the state, is the fly mentioned 
as an important factor in the reduction of yield. The following 
extracts from the reports to the State Doard of Agriculture for 
that year are of interest:-
Ar.LEN: "Wheat a failure from late sowing to ;:woid tl1e ravages of the 
Hessian fly, the unusual severity of a part of the w;nter and a wet, cold, back-
ward spring." 
CLARK: ""Wheat badly damaged by the Hessian fly in the fall of 1882 was 
illy prepared to meet the untoward influences of an inauspicious winter, and then 
he enfeebled plants were attacked by UJe May batch of this marauder from which 
they could not rally, reducing an average from 20 bushels per acre to less than 
6 bushel-> of very inferior quality." 
CosHOCTON: "'Wheat half a crop. The great failure seems to have come 
from sowing too much wheat stubble, the Hessian fly, an unfavorable winter 
and the drought in the spring." 
ERm: "The growing wheat plants went into the winter of 1882-3 in fine 
condition. The early prospect for a good yield was seldom better, but pro-
tracted cold, cutting winds in January on the plants which wet·e uncovered and 
unprotected by snow, followed by bitterly cold weatht>r, froze i.he plants to death. 
The chtef damage was done in January, and a cold, backward sprin;; with 
severe east winds completed the work of destruction." (Similar t·eports were 
made from se\•eral northern counties.\ 
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FAIRriELD: "The average yield of wheat was not more than one-half 
other years, on account of injury done it by the ilies in the fall and spring. The 
winter of 1882 was severe and the spring cold and backward." 
GHJ:J-:NE: "The wh<'at crop was not more than 70 per cent. of a full crop, 
cduscd mostly by damage from the Hessian fly." 
IIARDIN: ''The wheat crop was not an average on account of the ily. '' 
MFDINA: "Many farmers sowed late in the fall of 1882andtheir wheat had 
n0 chance to get well started for the hard and trying winter that followed, and 
tlw unf;l\orable :o,pring was alil'e disastrous." 
J'.IoRJWW: "Wheat poor; cause, principally late sowing.·· 
\','AYKr: "The fall of 1881 was an exceedingly dry one. Many farmers 
f]j,] nut get tJ-.. ir wheat all in until about the first of October. The year was an 
cx<:cptional om', and the late :o,owing was as good, and in some cases better, than 
that wwn at the usual time, which in our county is from September lOth to 20th. 
Thi-, ~ucce-.» of Ltte >.owing made the farmers careless, and much of the crop (for 
18SJ) was put in the grouml too late, not getting a fair start in the fall, and the 
afkr part of the winter being long and severe, much of the late sowine- was a 
failure." 
From 1884 to 1894 inclusive there was no complaint of fly in 
the state. The crop of 1885 was a very poor one, but its injury 
was everywhere ascribed to climatic conditions and not to fly. 
In the spring of 1895 twenty counties in the southern part of 
the state reported injury from fly. 'l'hat fall the presence of this 
insect was again noted, and the next spring 34 counties, 
lying in all quarters of the state, reported prevalence of :fly. The 
average yield of wheat for the state fell to 11.6 bushels per acre in 
1895 and 7. 6 bushels in 1896, but the chief injury was ascribed to 
late seeding and unfavorable winter conditions, rather than to fly 
attack. In 1897 the average yield for the state rose to 16.15 bushels 
per acre and in 1898 it a moun ted to 15. 56 bushels. In the fall of 1898 
there was ag·ain some complaint of :fly and in the spring of 1899 it 
was reported in most of the middle and southern counties; the 
ayerage yield, however, reached 14 bushels for the state, notwith-
standing the almost complete destruction of the crop by winter 
killing in some of the northwestern counties, where snow covering 
was deficient during the almost unprecedented cold of February. 
No :C.y had Leen reported in those counties. 
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MAP NO. I·--AVERAGE YIELD OI<' WHEAT IN OHIO IN 1899. 
(Fly attack reported from countic;; marked x.) 
Map No. 1, compiled from the final statistics of this crop as 
reported by ihe tovvnship assessors, shows the awrage yield of the 
different counties in 1899, the unshaded portion of the map indicat-
ing yields be1ow 13 bushels per acre and the shaded portion 
above that amount. The counties from which Hessian fly was re-
ported in June and July are indicated by C\·). rl'he destruction in the 
11.orthwestern counties was altogether due to winter killing, no fly 
lmYing been reported from that section. In the southern counties 
"white grub" is usually associated with fly as causing the injury 
to the' crop,' and in some cases is the only insect mentioned. 
By December of 1899 the fly was reported from three-fourths 
of the counties of the state; unfavorable climatic conditions followed 
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MAP NO. 2-AVERAGF: YIELD OF WHEAT IN OHIO IN 1900. 
during the winter and spring; in June, 1000, the fly was again 
found generally prevalent, and the harve&,t proved to be the small-
est, in average yield per acre, since the di">a:,trous sea;..on of loilh, 
the yield for 1900 averaging but 4.4 bushel~ per acre for the staie. 
Map No. 2, also compiled from the assessors' reports, show'> 
the a-rcrage yield of wheat per acre for each county of the state in 
19CO, the unshaded portions indicating averages below 5 bu:-,hcls 
per acre, and the shaded portions above that amount. H wi11 be 
observed that the g-reatest destruction occured on the western 
watershed of the Miami valley and on the divide between the Miami 
and the Scioto. The largest average yield is found in the hill 
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counties of the state bordering the Ohio river, and this is much 
the largest relative yield, since the normal yield o£ these counties is 
but about 10 bushels per acre, against 12 to 14 bushels for the 
counties occupying the middle third of the state, and 14 to 16 
bushels for those lying in the northern third. 
Another group of counties showing relatively large yields is 
found in the nodheastern section, in which Stark, Summit and 
Wayne lead with yields of 11 to 1272" bushels. There was, in fact, 
comparatively little injury from the fly in these counties, and 
throughout the crop season the superiority of their wheat to that o£ 
other districts was very evident. 
A third area of superior yields is found in the northwestern 
corner of the state-the region most injured by the February 
freeze of 1899. 
In the fall of 1900 wheat was sown very late all over the state, 
m the hope of avoiding another attack, and that this delay was 
j)lstified is indicated by the numerous reports of injury to, or even 
complete destruction of early sown wheat, which are found in Sec~ 
retary Miller's crop reports for Novembet: and December of that 
year and for January, 1901. Fly was reported that fall from more 
than SO counties, lying in all parts of the state. At the Experi-
ment Station it was more abundant than during the previous fall, 
and th-roughout Wayne county generally nearly as much damage 
was done, but over the state at large the injury was much less 
than during 1900. The frequent statements from ail quarters, 
that early sown wheat was injured and that the greater portion of 
the crop had been sown unusually late, indicate that the compar~ 
tive immunity of this season must be ascribed chiefly to late sowing. 
The harvest of 1901 is indicated by Map No. 3. In this map the 
counties producing less than 13 bushels per acre are left unshadcd, 
and it will be observed that the unshaded area includes most of the 
southern hill counties and also a group of counties lying in the 
middle of the state. The yields of the hill counties are not far 
from their normal product, but those of the middle counties are 
much below. A part of the reduction in these counties mu~t be 
ascribed to chinch bugs, which were prevalent throughout much of 
this region. 
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MAP NO. 3 -.\VERAGI•: YIELD OF WHI•:AT IN OHIO IN 1901. 
THE RELATION OF l~AINFALL AN:U TEl\IPlWATURE TO HESSIAN FLY ATTACK. 
r.rable I indicates the departure::; from the normal rainfall and 
temperature in Ohio for Augusi, Scpiembcr, October and November 
for the years 1881, 1882, 1883 and 1894 to 1901 inclusive. The Ohio 
State Weather Service was not established until November, 1882, 
and therefore the conditions for 1881 to 1883 are compiled from 
the reports of the U. S. Signal Service for the "Ohio Valley and 
lower lake region" for those years; the sign + indicating rain fall 
or temperature above the normal, - indicating deficiency in rain· 
fall or low temperature, and (N) indicating normal conditions. From 
1$94; on the table is compiled from the reports of the State Weather 
Service. 
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TABLE I.-DJ:P.\RTl"RrS FlWl\I NORMAL lUINFALL AND TEMPERATURE. 
Year 
1881 
1882 
F 
1883 
Rainfnt:-Incht.•.., Tl"'mperaturt--Dc~rees 
----1---- ----------- -------- ------
Slatl'. + N N + + 
-J.~l -l-0.25 -4.0 -40 -l-1.11 
--1----i----------
1894 
1895 
F 
1896 
F 
Middle. -1.40 
Soutlwrn 
N nrthl'rn . -f 0. s,;; 
Midtll<• , . -0 1q 
Routhcrn -ll.IJu 
Northern 
Middlt•. 
Southern, 
-t-o.23 
-l-0.09 
-l-0.55 
-1-l.O'l 
+o 20 
-0.17 
-0.68 
-1.3(1 
-1.4~ 
-1-1..55 
-l-2.14 
-0.1Q 
-0.43 
-l.Oo 
-1.17 
-1.25 
-1.32 
-1.37 
-1.31 
-0.84 
-0 43 
-0.72 
-l.2H 
-fl. .59 
+1.14 
-l-0.37 
-1.03 
-0.40 
-1-0.18 
---·1----·1--- -----------
1897 
Northern 
Middle ... 
-i-L>.53 -1.9<1 
-J.71 
-1.84 -z.oz 
-1.50 
-1.58 
-1.78 
+2.78 
-1-3.63 
-l-3.66 
+O.'I 
-l-0.5 
1-'Vl 
+2.7 
-1-4 0 
-l-3.3 
-/-3.0 
-f37 
f-3.R 
-l-5.1 
-l-1.3 -1 2 
-l-0.7 -~:; 
-l-1.3 -~.0 
-1.4 -l-2.1 
-l.b -l-2.0 
-0.1 +2 I) 
-3 1 
-2 9 
-~.4 
-:i 1 
-l-0.4 
-l-1.3 
- ~ 0 +1.10 
-- I -1-4.2 
-~.4 t4.6 
-1 3 -l-4.5 
------
-1-5.9 I I-Ll 
+o.s +1 5 
-1-0.7 -l-1.9 
--- -----1 ------------- ---- ---- ---
1898 
Nurthern. -1-1 .o l 
:Middle . .. -1-1.64 
Southern. -1-1.72 
-ro.u 
-0.42 
-l-0.18 
-t-1.99 
+t.77 
-l-1.28 
-1-;J.ll 
-o.42 
-ll.33 
-l-2.0 
+2.0 
+20 
-1.6 
-J.O 
-1.8 
------------------------
1890 
l' 
1900 
v 
Northern. -1.26 , -0.06 
Middle,.. -1.27 - l.36 
Southe-rn . -0.73 
Northern. -l-0.95 
Middll·... -ro. q5 
Southern . +0.3o 
-1-0.40 
-0.05 
-1-0.10 
-0.03 
-0.32 
-o.os 
-0.4 
-l.tJ3 
-1.75 
·-1.47 
+u.30 
-l-0.30 
-l-2.04 
+2-4 
-j-5.3 
·H.q 
-/-4.7 
-l(J 
-1.0 
-1.1 
-l-3.4 
-I-3.R 
-H.S 
--·-·1-----1--- --- --------
NorthL'rn. -l-0.81 -l-0.28 -1.27 -1.4J -f2.1 -0.1 
1001 Middle... -l-0.54 -l-0.03 -1.54 -l.# -1-1.8 -1.0 
+5.2 
-1-5.0 
-l-4.7 
-1-8.0 
+7.8 
+s.u 
-l-1.3 
tLS 
-1-3.2 
-1-3.4 
+3.0 
-l-1.2 
-l-0.5 
-f-1.0 
-2.6 
-3.4 
======~~So=t='t=h=c====·~-~(),~4=0====-4=)=,3=1~==--=1=·=4=6==E-==1=.9=6~~=+~1,=3~===-~l~ .. ~;=k~+~l~t- ~ 
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If we g-roup the four months under consideration we see from 
this table that the general average conditions were as follows:-
RAINFALL TEMPERATURE 
1881 ..........................•........... Above normal ..... J Fly attack, 
li;l82 ...... Below normal.................. " " ..... lceasing with 
1883 ...... Above " .................. Below " .... · 1883. 
1894 ...... Below ................ . Above " 
1895...... " 
1896...... " 
1897...... '' 
1898 ...... Above 
1899 ...... Below 
1900 ...... Normal 
1901 ..... Below 
" 
" 
" 
" 
.................. Below 
.................. Above 
.................. Below 
" 
" 
" 
..... J Fly attack, ceas-
.... ! ing with 1896. 
..... J Fly attack, ceas-
..... 1 iug with 1901. 
This table seems, therefore, to support the common belief 
among farmers that a warm autumn is favorable to the work of 
the fl~. So far as the rainfall is concerned, however, we find but 
little support for any theory, as the attacks followed a dry August 
and September in 1881 and a wet August and a normal September 
in 1S82; a dry August and September (over the southern portion 
of the state) in 1895 and a wet August and September in 1896; a 
dry August and September in 1899 and a wet August and a dry 
September in 1900. 
The fact seems to be that the climatic conditions which favor 
the growth of the wheat plant also favor the increase of this insect 
parasite; for we find that the attack of 1881-3 followed a period of 
large yields, the average yields for the state being 15.6 to 17.8 
bushels per acre for the four years, 1877 to 1880, whereas the 10- · 
year average yield for the seventies was 13.4 bushels, and that of 
the eighties was 13.7 bushels. Again, the yields for 1891, 1892, 1893 
and 1894 were 17. 2, 14. 6, 17.1 and 18.8 bushels per acre, and those 
for 1897 and 1898 were 16.1 and 15.6 bushels; while the 10-year 
average for the nineties was 14. 6 bushels. As will be shown farther 
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on, it appear!-. chat tlJe attackt-> of 1895-6 and 1899-1900 should be 
considered as a !-.ingle attack, temp6rarily checked by the early 
fro:,;ts of the earlier seasons. 
EFFECT OF FROST ON THE FLY. 
Many farmers believe that a few sharp frosts will check the 
work o£ the fly and it '\Yould seem reasonable that such £ro:o;ts, com-
ing between the laying of the egg on the exposed RUrface of the 
leaf and the safe housing of the maggot at the base of the stem, 
mig-ht have such effect. The following are the dates of killing 
frm.;tR of general e>..tent in Ohio during the three periods o£ fly 
attack under com;ideration:-
18B1-0ct. ti, 6, 7, 11, 12. 
1882-0ct. :::!0, 21, 25, 30. 
1883-0ci.. 16, 17, 
18H4- Oct. 15, 23, 24, 29, 30. 
1tl9-l--Oct. 14, 15, 18. 
18q5-Sept. 30, Oct. 1, 2, 3, 9, 10, 13, 18 to 26, 28, zq, 30, 31. 
1896-Scpt. 23, Oct. 8, 9, 18, 19, 21, 22, 24, 25. 
1897- Sept. 21, O~t. 8, 18, 30. 
1898-0ct. 27, 28. 
1899-Sept. 30, Oci.. 1, 2, 3, 7, 21, 22, 30. 
190Q-Oct. 17, 18, 19. 
1901-0ct. 4, 5, 18, 25, 26. 
The dates for 1882, 1883 and 1884 are tho!>.e on which ice was 
reported by the U. S. Signal Service. Those for the :,;ubsequcnt 
scasonf:l are those on which the State Weather Service reported 
minimum temperatures averaging about 32 degrees for the state. It 
appears from these records that the cessation o£ the fly attack of 
1~~2-3 must be ascribed to some other cause than early frm;t, and 
that the attack of 1895-6 and 1899 occurred during seasons of early 
and severe frost. It will be observed, however, that after the first 
frosts of 1899 there was a period of about two weeks without frost 
and the weather records for the month show that the average 
temperature of the month was much above the nol"mal, and this was 
followed by an abnormally warm November. In 1895 and 1896, 
howev_er. there was no such intermission, and the October tempera· 
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turc for both years was below the normal. In 1 '101, uq ''ill be 
shown fai"thcr on, there was a definite cessation of c,::g laying, in 
the experiments under the writer's observation, coi11cid.::nt \\ ith the 
fir,~t appearance of severe frosts. These frosts, like those of 18'JIJ, 
"ere followed by a similar period of warm weather, and the average 
October temperature was again slightly above the norr·nl, but this 
was followed by a cold November; and ;vhile I was :1bk to find 
liYing lancx: of the fly at the end of Ociober and d11rin~ .November, 
they were few in number as compared with the muliitude of eggs 
which were observed before the frost. 
In Yiew of these obseryations it seems probahle tbat the attack 
of 1895 and 18<)6 was checked by the continuous Octobd· fro,.,b of 
those seasons, but that enough flies escaped t0 be abl<!, with the aid 
of the weather conditions of 1897 and 1898, to again re-::..tock the 
fields for the disal:>trous attack of 189C) and liJ\10. For the final 
cessation of the attack, over the state at large, we are no dunbt 
indebted to i.he same agencies "\Vhich brought to an end the attac!,: 
of 188::l-3, and which are believed to be chiefly the increa~e of ~cc­
ondary parasites, ·working upon the fly itself. Such para,.,ites col"C 
known to exist, and it io,; easy to under-.;tand that, a-; their existence 
depends UlJun that of their hosts, the can::>ci'3 whil·h restrict H::e 
m1mbers of the flies must also reduce the number of p::tm:,.lite~, wh:le 
conditions favoring the multiplication of the hos1. may enable it for 
a few seasons to escape from the control of the parJ.~ite, onlr Jlnnlly 
to Le overtaken again by the latter. 'l'o fully account fur all the 
facts observed we must a,.,::..tm1c that ·.vhile the cunditions whkh 
favor the increase of the ho::..t must, in a genero.l "\Va}, Lc 1.he smm' 
aH those which encourage the multiplication of its pammLc, } ct 
there must abo be minor conditions more faw,rabk to the one than 
to the other, an assumption justified by the familiar <.'xamplc of 
wheat rust: the warm, moi~~t weather "\vhkh encourages th~ growth 
of this parasite is also favorable to the growth of the wheat at an 
. . 
earlier stage, aml becomes detrimental only as the time for the 
ripening 'of the wheat approaches. 
Frost, however, is beyond human control, nor can we predict 
its coming sufficiently far in advance to be of any service to us in 
this matter. The chief value of exact knowledge on this point 
would be io enable us to judge, when the fro::;t has actually come, 
as to its probable et'fect on our crop. Such knowledge would often 
be u;.,cful and attention is called to the matter here in the hope of 
enlisting more careful observations in the future. 
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EFFECT OF FERTILIZENS ON THE FLY. 
We are o:Eten asked what effect fertilizers, manure and lime 
have on the Hy, io \vhich we are forced to reply that we han~ ob-
served none. In the fall of 1899, the wheat in the fertilizer ie"h at 
this Station was carefully examined by the then A~sistani l~nto­
mologist, Mr. C. W. Mally, who reported more iiy on the f~rtilized 
plots than on thot>e receiving no fertilizers. One half-acre of wheat 
was that fall treated with slaked lime, applied to the surface, jut>t 
before sowing the wheat, at the rate of 1000 pounds per acre. rl'his 
half-acre showed quite as much injury from the spring attack of 
the fly, the following spring·, as the unlimed half-acre adjoining. In 
examining our wheat, early in April of 1901, the writer found the 
unfertilized wheat at Strongsville almost totally destroyed by the 
fly, the drill rows being filled with dead plants, each of which har-
bored the well kno1vn "flax-seeds." On the fertilized plots along-
side about hal£ the wheat was left; so that the injury, while appal-
ently greater on the unfertilized plots, was really about the same 
under both methods of treatment. In other words: where we have 
used manure or fertilizers we have saved some wheat, notwithstand-
ing the fly; but the actual fact seems to have been that the greater 
care taken in preparing the land and so\ving the \Vheat, the larg--er 
was the amount of provender furnished the depredator. 
EXPERIMENTS ON DATE OF SOWING WHEAT. 
In 1878 experiments were begun by the Farm Department of 
the Ohio State University at Columbus in sowing wheat on different 
dates, one of the objects of these experiments being to obtain data 
bearing upon the relation between date of sowing and injury from 
fly. These experiments were continued for two years by that de-
partment. After the establishment of the Experiment Station and 
its location on the University Farm they were resumed by the 
Station, and have been continued, first at Columbus and later at 
Wooster, but with several intermissions, up to date; this work since 
1888 having been conducted under the immediate supervision of the 
Agriculturist of the Station, the late Mr. J. Fremont Hickman. 
The general outcome of these tests is shown in Table II. 
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T ABL li: II.-YII,LD OF WHEAT lN BUSHELS PER ACRI<~ FROM DIFFERENT DATES 
OF SOWING. 
Date of So\ving 
Place and 
year of· 
I I ~~ov. harvesting Augu;,t September October 
22-25 29-31 6-10 13-17 20-24 27-301 4-il 11-15 18-20 25-27 1. 
----
Columbus: ~~~=lry6ry--
1879 . . . .......... .:> • _, .:> • 0 ..:>) .:. ..... I - l.-
1880 '? 5 33.0 33.5 29.5 26.2 
.... ······ ... 
.:>~ 
1883a ., ........... 24.1 34.9 34.2 3-1-.7 
1883b 
.... ····· .... 
40.0 42.4 44 7 47.1 38.0 
1884 ............... 35.8 51.8 55.6 57.2 53.2 54.6 56.9 44.4 43.·, 35 6 
1886 41.2 ory ' 35.0 38.6 42.1 36.5 38.0 :!9.9 18.9 oOo\ .. ,. ...... .::>.- • ..:> 
1887 ............... 31.7 31.6 28.3 31.3 27.8 26.1 32.7 30.6 2'·.9 7.4 
1888 .............. 12.8 11 2 12.1 26.6 26.6 26.1 28.2 33.0 : O.'·l 37.7 22.9 
1889 . ....... .. .... 34.9 26.9 27.4 42.4 47.3 33.8 42.0 
1890 ...... ... ...... 16.8 16.8 19.1 20.2 20.9 22.5 26.5 22.6 23.0 25.o 
'\Vooster: 
1895 8.5 7.6 8.1 5.0 5.7 5.7 5.0 ry ' ...... .. . ... ~·" 
1899 ............... 18.0 18.3 25.5 23.5 22.8 21.5 19.3 11.2 
1900 .......... . .. 13 7 16.7 15.7 10.4 8.0 
1901 ............... 9.8 5.5 5.7 2.0 14.0 19.5 19.8 11.7 11.7 
1902 
. ······ ....... 
25.0 26.8 25.5 28.3 25.5 25.5 22.2 15.5 9 3 
Strongsville: 
1901 ............ 21.9 20.3 17.7 22.0 24.7 22.2 22.9 I 
' 
I 
The experiments of 1878-9 and 1879-80 were made on bottom 
and of very superior quality. In the latter season duplicate plots 
were sown at each date. In 1878-9 the first and second sowing~ 
were slightly injured by the fly in the fall. In 1879-80 no such in-
iury was observed. 
In 1882-3 the experiment was made in duplicate on different 
soils. The sowing of August 25th showed injury from the fly by 
October 1st, and it was estimated that about one-fifth of the plant» 
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were infested and 12 to 15 per cent destroyed. The plot hO\\·n Sep-
tember Sth was ~.;lightly infe...,ted, but no fly was found on the 11lot 
so\vn September 1st on better land. None of the later sown plots 
were attacked, and the flie:-, were much less numerous the .following 
June. 
In 1883--4, the plot sown August 25th was attacked by the fly, 
and it was estimated that 10 per cent of the plants were de:-,troye<l. 
A very few larv~e \\·ere found in the sowings of September bt and 
8th, and none ia the later so,vings. 
In 1884-5, the entire crop was de8troyed by winter killing. 
In 1885-6, none of the plots showed any injury from fly, awl 
from this time to tlw e11d o.f the tests at Columbus the val"iations 
found in the different seedings must be ascribed to other causes 
than the ravages of th;s insect, as no fly was observed at the Station, 
nor did any complaint come in regarding it from other sections of 
the State. 
It appears from these experiments, therefore, that there was 
no serious injury from I1essian fly in that region during the l'lev<:n 
years covered by the tests, on any wheat sown later than September 
1st, and that, under such immunity the largest crops were gener-
ally harvested from \Vheat sown during the last two weeks of Sep-
tember and the first week of October. 
Taking· up the northern Ohio tesh;, we find that in 1894-5 and 
1808-9 the largest yield came from wheat so\vn between the 8th and 
22nd of September; but with the advent of the fly in de:~trnctive 
numbers this period proved to be the one of greatest injury. The 
earlier sowings in this test \Vere omitted in the fall of 1809, 
but wheat sown before the 20th of September in other work and on 
adjoining farms, that fall, was generally infested with the fly, 
although there was no case of complete destruction in the neighbor-
hood. 
In entomological public:ottions of this Station, issued prior to 19CO, 
it has been assumed that the adult Hessian flies of the fall brood 
develop and disappear, in the latitude of this Station, by September 
20th, and in that of the test farm at Strongsville, 40 miles north, 
by September 15th. The attack of 1899-1900, however, reached its 
most destructive force on wheat sown on precisely the dates which 
had been Pt:,blished as safe. This was explained on the theory 
that the drought, which prevailed O\-cr the state during August and 
the first half of September, had retarded the emergence of the adult 
flies. During the period between August 20th and September 9th, 
1900, both inclusive, there fell at this Station more than 5 inches of 
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rain, and at the ,.,ub-station more than 3 inche:;,, which would seem to 
have been (1uite enough to bring out the :fly at im normal pe1·iod, 
and therefore we began seeding the general crop at the sub-station 
on September 18th, and at the central Sbtion on the 24th, thus 
taking a margln, beyond the dates given as sale, of tlu-ee or fonr 
days in each caseo 
The wheat sown on this date d Strongsville ,,-:c3 en a1·eas de-
voted to fertilizer testing, in which every thlrd plot is left contin-
t!O?Rly unfertilized. In going over this wheal in l .. :;_H·il, the drill 
rvws on t11e unfertilized plots \Verc ft,jJ d dead wlHo:d pian ts and in 
eveq• plant were found the "llaxseeds" of ibc By. On the fertil-
ized plots some 1vheat was left, but there abo it W<J,~c,,ident that the 
pest had been industriously at work. The bJxvc·st showed an 
average yie lcl of less than hvo bt:.:;hels per acre on : 1JC unfertilized 
plot:~, and of ten bushels and ll!Hkr on the fert:E~ed plots, a.~ against 
an unfertilized yield of five to nine bushel-_; <:nd a fe1·tilized yield 
reaching· twenty to thirty bushels on similar land in the same 
series of experiments sown a \veek later. 
At ·wooster i he earliest sown wheat was in the variety test, a 
tract of nearly twelve acres, ·which had been plowed in August, 
then top-dressed with barnyard manure and prepared in every way 
with the utmost care. At the beginning- of April the plants seemed 
to have been more than half destroyed, but the favorable weather 
streng-thened the growth and the harvest produced an average yield 
of about sixteen bushels. as ag-ain;,;t twenty-five to thirty bushels on 
lands similarly treated but so\vn one to two vveeks later. At both 
places the wheat followed oats. 
At both places experiments \vere made in sowing at different 
dates, beginning Aug·ust 31st at \Vooster, and September 1st at 
Strongsville, and continuing at weekly intervals until the end of Oc-
tober. This test at Wooster was made on unfertilized land; at 
Strongsville on land which had received an ordinary complet~ fertil-
iz•w. us<>.il ~.._the rate of 300 pounds per acre. 'I'he results of the 
han-est are show •. : 'l'able II. 
At wooster the plot nr s.t 8')Wll was attacked in the fall by rust~ 
wbich seems to have been the chief cause of the reduced yield of 
this plot, as it was at no time seriously infes~~rl with the fly. Both 
rust and fly were found on the second and third plots. 'I'he plot 
sown September 21st showed little, or no rust, but was almost cr>--
pletely destroyed by the fly; that sown September 28th received 
less injury from the fly, while those sown after this date were in-
jured only by the spring attack of ily. There was no rust of con-
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sequence on any wheat sown after September 14th. During the 
lSpring the earliest sown plot appeared to be one of the be..,t in the 
series; its relati,·ely lower yield seems to have been in part due to 
failure to fill properly. 
At Strong~Yille there was no fall rust. In April the injury to 
the sowin~"' of Septem her 14th and 21st seemed almost as great here 
as at Wom:;ter, but the fertilizer used here apparently enabled the 
wheat to overcome this injury to a g-reater extent, so that the final 
differences are less marked here than at ·wooster. In both cases, 
however, the destructive work of the .fly reached its climax on 
wheat Rown Septem her 21st and 22nd, the sowings of these dates 
t-.uffering more than those of earlier or later date, and on this point 
we haYe the te~timony of many farmers that in both seasons early 
sown wheat wa'3less injured than that sown at a later date. 
The following extract"' from letters received at the Station 
about the .firc;t of August, 1901, throw some light upon the general 
question under di'3cussion:-
"None of my wheat was hurt by the fly except some sown Septenber 28th, 
which wa<> a very litle. Wheat ;,own Oct. 2nd was all right." 
H. A. Starn, 
Rittman, Wayne County. 
"I drilled my wneat September 22nd to 24th, a week too early to escape 
the fly, and it d1d consillerable damage in th~ fall." 
T. G. Rtence, 
Ashland, Ashland Co. 
"We sowed on September 17th, which proved at least two weeks too early 
for our locality ihi<> year, all our wheat sown thai early being almo;,t totally des-
troyed by the fly." 
H. Markley, 
Chee.terville, Morrow Co. 
"We did not c;ow wheat until October 11th to 16th. We could not find any 
fly in our wheat last fall or during the winter, but we h,lVe lots of it this spring." 
C. H. McCormick, 
McCormick, Gallia Co. 
(Thi<> report is valuable as showing the earliest date of safety in extreme 
southern Ohio, as wheat sown earlier in October was injured by fl.y in some 
locaht•es.) 
These expressions confirm the Station's experiments in showing 
that the fly made it-. appearance quii.e as late after the copiou<:~ rains 
of Augu-.t and September, 1900, as after the drought of the same 
period in 1899. 
The accompanying illustrations show the appearance of the plots 
in the test at Wooster at the beginning of April, 1901. 
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This experiment was repeated at both the main Station and the 
s·1b-station in the crops of 1901-2, and 1902-3 the :-;owings being 
"'Dade on tte same dates as during the previous season. On Sep-
L':nber 25t 1, 1901, at \Vooster, I found the fly depositing eggs on 
t1 c young llants from the sowings of August 31st, September 7th 
an-i Septerr. ber 14th. All the sowings were infested with eggs, but 
muc1· ihe l trger number were found on the tender, single spears 
of i l •' late~.t sowing, and more 011 that of September 7th than on 
that , Au1 ust 31st. On September 27th the wheat RO\Vn September 
21st a1 , •ear.!d above ground and the inch-long shoots \Vere at once 
made t' e r~ceptacles of the parasites' eggs. 
On :he afternoon of the 28th there fell 2~ inches of rain, and 
on the 3l th it was difficult to .find either flies or eg·gs. My note;, 
say: "scar ·ely one egg to twenty before the rain," but the next 
day fresh ~ggs were found on all the sowings, their presence on 
plants wh 'h had come through the ground since the rain showing 
that the :f1 ies had not all been destroyed. These later eggs were 
iound on ll the sowings, but more frequently on the last two. 
On w ,eat plants sent from the sowings at Strongsville, I found 
a few egg\ 011 the sowings of September 1st, 8th and 15th. None 
we··e foun lcm the sowing of September 22nd. The last examin-
atio,\ of tl e~ e plants was made October 5th, and while almo;,t half 
the 1·lants fum the sowing of September 15th were found infested, 
the <':?;gs '>fe, e all on the first leaf, indicating that egg-laying had 
cease. l so1 te days before. 
'I he J rst frost sufficient to affect corn came on the mght of 
Octob.-r 3 d, and this was followed by nightly frosts until the 7th. 
Door-) ard p;ants were frozen under muslin covers. Egg-laying 
seems t,) Jan ceased with these frosts, as I found no eggs on wheat 
sown la' •: ' .an September 25th. 
On ' ~tober 2St11, I found nearly full grown larvce of Hessian 
fly in wh ·.d sown August 31st and a few sma11larvce, (some still 
retaining t 11•~ reel color of the egg,) in the sowing of September 21st 
but they '1. re not almndant. Neither in April nor in June of 1902 
bave I be.· 1 able to find any sign of Hessian fly in in the Station 
wheat, an l we have had no report of its appearance in any other 
part ot th ·::;tate; hence it would seem probable that there will be a 
temporary 1 elief from its devastations. 
The e ~ periment in sowing on different dates was repeated at 
ihe main Station again last fall. The first half of September was 
cool and d1), and the earlier sowings were slow in appearing above 
-he surface. I examined them carefully from time to time, finding 
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no eg·g;- up to S~.•ptembcr 2ht. On the 22nd I found a few eggs, and 
on the 2:)nl :111..y were more numerous. I then turned over the 
\Vork t.o l'.Ir. 't:.J. J. ::.~:• rruit, ~ntomologist of the Station, who furnishes 
the following not.e~: 
OBI:>EHVA.TJONS OF THE HESSIAN FLY FOR 1902. 
PLO'l' I 
PLO'l' JI 
Pr.OT III 
PLOT IV 
PLOT V 
Sown Sept. 1st, appeared Sept. 11th. 
Sown Sept. 8th, appeared Sept. 19th. 
Sown Sept. 15th, appeared Sept. 22nd. 
Sown Sept. 22nd, appeared Sept. 25th. 
Sown Sept. 29th, appeared Oct. 2nd. 
Examined \vhmwer wl1eat well on Sept. 13th and could find no traces of 
eggs. 
On Sept. 2Jntl, Director Thorne found few specimens of eggs upon Plots I 
and II, more on II than I. This was my experience also. In the afternoon 
examined yuung· wheat in Plot III without finding an egg. Ground was wet 
from rains the day before. 
Sept. 23<tl examined plots and found eggs more numerous, and more easily 
to be fnund apparently on Plot II. To ascertain the daily increase in the 
number of eggs, I staked off on Plot II, 229 plants; Plot III, 253 plants; Plot 
IV, 110 planto., and made the following observations upon the number of eggs 
uepoo.ited for each <lay from Sept. 23rd to Oct. 3rd. * 
DATE PLOT II PLOT III PLOT IV 
Sept. 23rd 3 eggs to 229 plants 6 eggs to 196 plants 
" 24th 2 " .. 229 " 6 " '' 253 " 
25th 6 '' 230 " 3 " 241 " 
" 26th 3 ,, 232 2 " " 254 
,, 
27th 3 ,, 256 0 " " 251 " 2 eggs to 110 plants 
28th 
" 29th 0 .. .. 256 " 0 " " 251 " 0 " " 110 " 
3oth 1 •• :156 " 0 •• 251 " 2 " "110 " 
3lbt 0 .. ,. ~56 " 0 " ,, 251 " 0 .. ,, 110 " 
Oct. h.t 0 " •• 256 0 " 251 " 0 " ,, 110 " 
" ::ln<l 0 " .. ::l56 0 " 251 " 0 .. "110 " 
" 3rd 0 " .. 256 0 " " 251 " 0 
,, 
•• 110 
" 
" 4th 0 " .. 256 0 " " 251 " 0 " "110 
' E<Lch <lay piche<! u!f ll•:tf to which egg was attached. 
The~e notes show that the attack was a very light one, and 
that egg-laying was practically limited to the week between Sep-
tember 22nd and 28th. Referring to the dates of sowing and of 
appearance of the wheat above ground it will be seen that the 
sowing of Sept. 22nd came through the ground within four days, its 
germination and growth having been hastened by warm, rainy 
weather. Under such conditions the latest sowing which could have 
received the eggs of the fly this season would have been September 
24th, a date corresponding to our previous experience, while the 
number of eggs counted on the different sowings indicate that, had 
the flies been abun<lant, the greatest injury would probably have 
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fallen this year as before, upon wheat sown between September 8th 
and 22nd. 
HOW LATE MUST WHEAT BE SOWN TO AVOID THE FLY. 
The distance between the northern and southern limits of Ohio 
is about 240 miles. The sun travels over the distance between the 
tropics at a rate of about 17.8 miles per hour, but, owing to the 
curvature of the earth, the time required to cross Ohio is less than 
twelve days. How far the a'"erage season lags behind the sun 
we do not know. There is great need o£ systematic observations 
over the state upon o,uch natural phenomena as the opening of 
leaves and flowers in the spr.ing and coloring and falling of leaves 
in the fall. One of the easiest phenomena to observe and record 
would be the dates of wheat ripening throughout the state, but 
even on this point no data, collected with sufficient care and through 
a sufficiently long period of time to serve as a reliable basis of 
calculation, are available. 
In regard to the date of wheat seeding, local custom and indi-
vidual situation and experience have much to do; so that if one we1·e 
to traverse the state from north to south he would find wheat-sow-
ing in progress throughout September and well into October in the 
average season. If, however, it were possible to collate the average 
custom of the most intelligent and careful farmers it would prob-
ably be found that the real difference in the time of seeding by 
most farmers, between the northern and southern limits of the 
State, does not exceed two weeks. In other words: few such 
farmers sow before September l.Sth along the lake shore, and few 
later than October 1st in the river counties, when seasonal con-
ditions are such as to permit free choice of date. 
Judging from our experiments and the information received 
from others, it appears that the earliest elate at which \Vheat could 
safely be sown in extreme northern Ohio in 1900 and 1901 was 
about September 23rd; at the Station about September 26th; at 
Columbus about October 4th and in the river counties about Oc-
tober lOth ~a range of between two and three weeks for the entire 
state. 
In the report of the Michigan Board of Agriculture for 1877 
appears a paper by Prof. A. J. Cook, then Professor o£ Entomo-
logy in the Michigan Agricultural College, in which is given the 
history of an attack of Hessian fly then culminating in Southern 
Michigan, together with a most valuable account of the habits of 
the pest and suggestions for preventing its ravages. In this report 
Professor Cook states ihat wheat sown after September 20th in 
that latitude has usually escaped the fly, but that in 1877 this date 
proved not to be sufficiently late, several reports having come to 
him of wh~at sown as late as September 20th being full of the 
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insects. On this point Professor Clinton D. Smith, Director of the 
Michigan Experiment Station, informed the writer early in the 
spring of 1901 that wheat sown September 20th the preceeding fall, 
in the experimental sowings of that Station, was badly injured by 
the fly. 
It appears, therefore, that destruction by the Hessia:1 fly o[ 
wheat sown as late as September 20th in southern Michigan i.-> n ot 
a new thing, and that we must expect a still later date as being 
the earliest date of probable safety for northern Ohio. 
DESCRIPTION OF TilE HESSIAN FLY. 
The Hessian fly is about half the size of a mosquito, which it 
considerably resembles in appearance. It belongs, in fact, to the 
FIG. 5. Eggs of the H essian Fly. 
(Magnified 30 diameters.) 
same insect family as the most1uitos 
and gnats. Farmers send us a great 
many crane flies, supposing them to 
be Hessian flies, and others speak of 
seeing swarms of Hessian Ili es over 
their fields, but it is probably these 
crane flies which they s ee. This 
crane fly is half an inch or more in 
length of body and more th<m an inch 
across the wings , being many times 
larger than the Hessian fly. Its eggs 
produce maggots ·which feed on the 
roots of wheat and grass, but it has 
not been known to cause very great injury to the crop. 
FtG. 6. Young 
·when the Hessian fly is engaged in egg-laying 
it may be seen to fly from the ground to the wheat 
plant, deposit its ·egg, or eggs, and then return to 
the ground again, the whole operation retluiring but 
a fraction of a . minute. The egg appear . ..:, to the un-
aided eye as a minute, reddish speck; when l'iewed 
with a magnifier it is seen ·to be elongated oval in 
shape. It is about one-fiftieth of an inch in length 
and seven times as long as wide. Fig. 5 is a micro-
photograph of a pair of Hessian fly eggs, magnified 
30 diameters or 900 times. Frequently two or more 
eggs are laid at once, end to end, and sometimes we 
find two or more rows of e!!!!S side by side. The 
c:o-= wheat plant, first 
eggs are laid in the creases of the leaf and preferably, weekofgrowth. 
thouJ:l:h not invariably, on the youngest plants to be found. 
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The accompanying illustrations show young wheat plants of 
various ages, taken from our sowings of different dates. Fig. 6 
shows the single spear of the plant during the first week of its 
:il"""'rG. 7. Young wheat plant, 5econd 
week of growth. 
growth. It was on these spears in 
1901, from wheat that had been sown 
September 21st, that I found the great-
est number of fresh eggs, although 
there was wheat close by that had 
attained the sizes shown in Fig. 8, 9 and 
10. As the plants grow this first spear 
soon turns down, as shown in Fig. 7, 
and the eggs, which are laid in the 
creases of the inner surface of the leaf, 
now appear to be upon the upper sur-
face and a casual observer would assume 
that they had been thus deposited after 
the leaf had turned out and down. 
Some eggs probably are deposited 
under such circumstances, but usually 
the observer who finds them in this situation may safely assume 
that it has been several clays since they were deposited. 
According to entomologists the egg hatches in from four days 
to two weeks-the shorter period being giyen by Dr. Harris as the 
usual time req uirecl for hatching in warm weather- and the newly 
hatched maggot, or larva, still reddish 
colored, crawls down between the 
sheath of the outside leaf and the stem 
until it is stopped by the lower joint, 
where it establishes itself a little below 
the surface of the ground and begins 
to suck the juices of the plant. As 
the larva grows it loses its reddish 
color, first becoming white, then show-
ing a dark spot in the middle of the 
back, which gradually extends over the 
entir-e surface, and in four to six weeks 
it has attained approximately the size, 
color and shape of a flaxseed, being 
somewhat smaller and a little more 
elongated. This "flaxseed" consists 
FIG. 8. Young wheat plant, third 
week of growth. 
of a thin, hard shell, within which the maggot undergoes its trans-
formation into the winged fly, in whici1 form it emerges late in 
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April or early m May, the following spring, ready to produce 
another brood. 
On the 25th of October I found nearly grown larvce on wheat 
sown August 31st, and smalllarvce, some still retaining their red-
dish color, on wheat sown September 21st. These last must haye 
come from eggs laid between 
September 27th and Oct. 3rd. 
At that time, October 25th, the 
photograph was taken which is 
shown in Fig. 12 and which 
shows two nearly grown larvce, 
not yet having the flaxseed 
color but showing the dark spot. 
These larvce had fastened them-
selves to the earliest spear of 
a wheat stool, and had sucked 
FIG. 9. Young wheat plant, fourth week its juices until it had shriveled 
of growth. away; but a new stem had 
started up from the same stool and would have made a strong plant, 
while a third stem, shown on the right side of the picture, was just 
pushing its way through the ground, its curled tip not yet having 
reached the light. This photograph shows how a vigorous plant 
may ovei-come the attack of the parasite under favoring weather 
and soil conditions. 
A short time before harvest the "flaxseed" of the spring brood 
may be found, but these spring flaxseed are usually located a little 
above the ground, instead of below the surface as in the case of the 
fall brood. Their presence will be first indicated by the wheat 
breaking near the ground-
"straw falling" as it is called. 
When the heads of such wheat 
are examined, the grain will be 
found to be shriveled. 
Usually the fall attack 
causes the greater damage, 
by either killing the plants 
outr~ght or so weakening them 
that they fail to live over 
winter: but sometimes the 
spring attack is also a serious 
matter. In the spring, as in 
FIG. 10. Young wheat plant; filth week 
of growth. 
the fall, weather and soil conditions may to some extent affect 
plant's ability to resist the attack. 
the 
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On September 28th, 1901, I received volunteer wheat plants from 
R. L. Holman, of Springfield, which contained the "flaxseeds" of 
the Hessian fly. This was a full month before I was able to find 
similar flaxseeds in the wheat at the Station, and indicates either a 
considerably earlier appearance of the autumn brood at Springfield 
than at Wooster, or else the work of an inter:nediate brood. Such 
cases have been noticed before, but the matter has not been thor-
oughly worked out. 
CONCLUSION. 
From the foregoing study of Hessian fly outbreaks in Ohio it 
seems that the two factors which conduce most to such outbreaks are 
a scarcity of the parasites which hold the fly in check and a warm 
FIG. 11. Young wheat plant infested 
with larvre of Hessian fly. 
October, and these factors must 
work in conjunction. It docs not 
appear that ordinary conditions of 
lack or abundance of rainfall play 
an important part. 
From an e::to~11ological stand-
point it is possible to avoid injury 
from the fly by very late seeding; 
but in average seasons the risk of 
winter injury to wheat ~own suffic-
iently late to avoid the fly appears 
to be quite as g-rt::at as the risk 
from the fly. 
Neither manure, fertilizers nor 
what is known as g·ood husbandry 
seem to have any effect in reducing 
the ravages of the fly, On the 
contrary, the better the conditions under which the seeding is done 
the more wheat plants are placed at the disposal of the fly. It is 
true, however, that when the seeding is deferred to a late date 
careful preparation and f~rtilization of the soil will do much towards 
enabling the plants to endure the winter. 
The more practical method of combating this pest would 
seem to be, when danger from fly is apprehended, to sow a 
part of the crop at a mod(:!rately early date--say from about Sep-
tember 5th in the lake shore counties to about the 18th along the 
Ohio River-then watch the young plants closely for the minute, 
reddish eggs of the fly. If none are foun_d when the plants are ten 
to twelve days old, sow the remainder of the crop; but if tt1e young 
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plants are found to be considerably infested, wait another week 
before sowing. 
Another method which might commend itself to some would be 
to make several sowings, a few days apart, in the hope that some 
of these would draw the main attack of the fly, and thus save the 
others. It has been repeatedly observed that wheat sown one day 
may be severely injured by the fly, while that sown the next day 
may escape; the apparent explanation being that the :first sowing 
has drawn the full force of the fly attack and thus protected that 
sown later. For this outcome to be realized it is evident that the 
first sowing must be large enough to furnish plants enough for all 
the flies. We have not observed that the one-tenth acre plots used in 
our early ancllai.e sowings bad any appreciable effect in protecting 
the larg-e fields adjoining. The practical farmer would much rathe1· 
lose all the wheat on one-third of his acreage than to lose one third 
of the wheat on all his acreage; and if by sacri:ficing a part of his 
crop in this manner he could save the remainder, he would gladly 
do so. 
Either of these methods offers the great practical advantage 
that in case of a fall infestation becoming evident the wheat can be 
turned under and thus the spring brood of flies materially cur-
tailed. 
Sow~ August 31. Sown Septe1nber 7. 
FIGURE I. 
~--~ = Sown September 14. Sown September 21. 
FIGURE II. 
Sown September .S. Sown October 6. 
FIGURE III. 
Sown October 6. Sown October 12. 
FIGURE IV. 
